Abstract-The Atlas TDAQ network consists of four separate networks which together total over 8000 ports at 1 Gbit/s, 60 ports at 10 Gbit/s, 200 Ethernet switches at the edge of the network, 6 multi-blade chassis switches at the core and over 20 km of copper and fiber cabling. The NetDesign suite was developed to provide a comprehensive set of tools that permits the generation of a navigable network design, automates a number of routine tasks and provides the user with a powerful and flexible reporting system.
I. INTRODUCTION
NT owadays computer networks are ubiquitous and constitute an inseparable part of any computer environment. While many commercial tools exist for the analysis and monitoring of networks, surprisingly little attention has so far been given in industry to the tools that can assist a specialist during the network design stage. As networks increase in size and complexity, such tools become indispensable.
In the case of the ATLAS experiment at CERN [1] a data stream of 160 Gbyte/s is generated and buffered before being selectively distributed to over 2000 CPUs that process the data in real time. The data network that accomplishes this task consists of four separate networks which together total over 8000 ports running at 1 Gbit/s and 60 ports running at 10 Gbit/s. There are 200 Ethernet 'pizza box' switches at the edge of the network, 6 multi-blade chassis switches at the core of the network and over 20 km of copper and fiber cabling. This level of complexity requires the appropriate tools to fully describe the architecture and connectivity in a navigable way, check for errors and develop cable and component lists. It was found that proprietary solutions did exist but some were limited to a single vendor while others were the product of recent start-up companies which posed longer term support issues. Standard CAD' tools could have been employed, but apart from the obvious license costs they present steep learning curves, and their user interfaces are both complex and in constant evolution. In addition, they offer little, if any, flexibility for customizing report outputs. It was therefore decided to develop the necessary tools by adding functionality to an existing commercial drawing product. The choice was made to base the tool development on Microsoft Visio R [2] . This is a mature drawing package that has the advantages of a simple user interface and an open programming interface through the use of Visual BasicR (VB) [3] .
The risk was that the use of VB would impose scalability limits on the maximum drawing size that would be manageable. This risk was considered acceptable since the flexibility and ease of use of the program and its wide distribution ensured support for a long period of time. At the limit, the modular nature of the CPU farms would permit the full drawing to be split into multiple files without losing too much of the hierarchical navigational features.
II. NETDESIGN
The NetDesign project is aimed at providing the specialist with a comprehensive set of design tools that not only permit the generation of a navigable network design but also automate a number of routine tasks (such as cable label generation) and provide the user with a powerful and flexible reporting system. The Microsoft Visio tool contains the basic functionality and NetDesign is written as an add-on for it.
III. NETDEsiGN DRAWINGS
Templates are provided for the basic network elements such as interconnects, processors, 'pizza box' switches, chassis switches including blades, as well as navigational supports, e.g. vertical and horizontal navigation arrows. All these elements are housed in racks from which we derive the location of each element. A typical design page will consist of a rack in which there are a number of processors, their connections to the local switch in the rack and off-page connectors to components described on other pages. An example is shown in Fig. 1 .
As the drawing is constructed, and connections are made, events are created that automatically check for port and media compatibility. In case of error, the connection is refused and a suitable message is displayed. If the desired connection is consistent, then the connection is made and the wirelist label is automatically generated.
Since the system being designed is so large, special attention has been paid to navigation features. It is possible to construct a design either bottom-up, i.e. starting from rack level or, preferably, top-down from the conceptual level as shown in Fig. 2 . Arbitrary shapes can be drawn to represent abstractions such as a network domain or a farm of processors. An association can be created between the shape and another page that allows for a 'drill-down' function. Clicking on the shape will hyperlink the user to the defined page. This page may contain other arbitrary shapes that describe greater levels of detail, and so on down a hierarchical chain of functional description until the final drill-down links to the bottom level object connectivity drawing. The reverse path is also available, so that by starting at some rack or networked object it is possible to drill upwards to see at different levels of abstraction just where in the architecture this particular object is functioning. Horizontal navigation is catered for with two techniques. Firstly, if a connection exists between ports on different pages then an off-page connector is created on each page to make the association. The off-page connector carries a label that indicates where it has come from and it is hyperlinked to the destination port so that clicking on it carries the user directly to the entity at the other end of the connection. Secondly, in the case of large chassis switches it is likely that several pages are required to express the full connectivity of the different blades. In this case forward and backward 'next page' links are provided to facilitate horizontal navigation through the multiple pages.
At any point in the design process a validation step can be invoked to post-process any or each drawing page, to check each object for structural consistency and ensure that there are no cables that form a loop.
IV. REPORTING SYSTEM
The reporting system of NetDesign allows the user to obtain virtually any type of information from the diagram. Satisfying the two major requirements of the reporting system was a nontrivial development challenge: it had to allow for the definition of vast variety of reports -from simple device lists to complex reports, where relations between entities are prescribed, and yet it was required to be simple enough, so that non-experts can use it and easily define their custom reports.
To solve these problems a special meta-language was introduced. This meta-language utilizes the Query-By-Example (QBE) model [4] , where the requested type of information is specified as a pattern. In this meta-language each class of shapes from the diagram is represented by a special type, which exposes all the properties and relations relevant for this type. This approach has a clear advantage: the designer of a network diagram knows what information needs to be retrieved, and this definition can be directly expressed in terms of the meta-language.
The definition of a report in NetDesign consists of several statements. Each statement reflects one particular feature of the requested information; together all the statements form the definition of the desired report. The expressive power of the NetDesign reporting language comes from the ability to combine together many constraints, each of which, by itself, is relatively simple. From this point of view the language is similar to SQL [5] . However, unlike SQL, it doesn't require dedicated study.
The report definition is created in a special dialog, which assists the user by guiding through the process of report creation and providing only the relevant choices for the constraints.
V. CUSTOM PROPERTIES Each component in the template library has a set of custom properties that are used to establish the particular details of the particular instance that is being described, such as processor type, media type, physical location etc. There is also an ID field which can optionally be filled in with the reference number of the external installation database where the reference data is retained. This custom property is automatically converted into a hyperlink. 'Right clicking' on such an object will open a drop down menu one of whose entries will use the hyperlink to go to the database in question and search for the appropriate entry. This allows for quick cross-referencing when using the network drawings as a navigation tool.
VI. SCALABILITY As mentioned before, the risk in the design approach was that Visual Basic would become a limiting factor. In practice the limit was encountered sooner than expected because of problems parsing the internal database to generate the netlist reports. Hence it was decided to redesign the reporting system. This took place during a second stage of development and the processing engine of the reporting subsystem has been redesigned and rewritten in C++. Now the reporting subsystem of the NetDesign consists of the VB part which implements the user interface and a Component Object Model (COM) module written in C++, which is responsible for data processing from the diagram. There is also a third component of the system -a dedicated data base management system (DBMS); currently it is MySQL [6] . The Open DataBase Connectivity (ODBC) standard used for connecting to the DB engine enables any compliant DBMS -i.e. virtually any DBMS available on the market -to be used with the reporting system.
Thanks to the utilization of these readily available components, this architecture (which involves a GUI written in VB, a C++ COM processing module and a third party DB) made it possible to achieve an impressive performance gain (several orders of magnitude), while keeping the development time to the necessary minimum.
There was a secondary reason for exporting the inner design structure to an external database. There is a natural evolution of the actual physical installation. This happens as parts are replaced during maintenance or modifications are made to local connectivity, for example to relieve traffic 'hot spots'. This is reflected in the network monitoring and the inventory databases. It is now a relatively trivial matter to cross-correlate these with the design database and flag inconsistencies, so that the design documentation can be maintained and thus remain up-to-date.
VII. FUTURE WORK The future work on NetDesign involves moving all the parts currently written in VB to C++ COM, allowing for multidocument organization of the network diagram and adding support for user-definable consistency checks.
